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PROGNOSTIC FOR LOSS OF
HIGH-VOLTAGE ISOLATION

TECHNICAL FIELD

The present invention relates to a method and apparatus for
predicting a future loss of high-voltage circuit isolation
within a vehicle.

BACKGROUND OF THE INVENTION

In a vehicle having a gasoline/electric hybrid engine, the
vehicle may be powered alternately by either a gasoline-
powered internal combustion engine or an electric motor to
thereby optimize fuel efficiency while reducing vehicle emis-
sions. Hybrid vehicles achieve a relatively high fuel effi-
ciency or fuel economy by alternating between the gasoline-
powered engine and the electric motor when one power
source is better suited to a specific vehicle operating condition
than the other. For example, a gasoline-powered engine is
known to be more efficient than an electric motor during
periods of constant or relatively non-variable vehicle speed,
such as while cruising at a sustained rate of speed, while an
electric motor is generally better suited than a gasoline engine
for use when the vehicle power requirements are highly vari-
able, such as during starting or stopping of the vehicle.

Voltage requirements on board a hybrid vehicle and some
electric and fuel cell vehicles may range from a standard
12-volt (V) supply to more than 600V, depending on the
electrical device being energized or driven. For example, a
low-voltage (12V) electrical system typically powers stan-
dard vehicle accessories such as stereo systems, clocks, head-
lights, wiper blades, and/or horns, while high-voltage (>60V)
direct-current (DC) circuits may be needed to charge a battery
or a battery pack to a level sufficient for powering the vehi-
cle’s drive wheels. To provide and safely control such a wide
range of on-board voltage options, hybrid vehicles are con-
figured with appropriate circuitry, wiring, and other electrical
components such as voltage inverters and converters, spe-
cially manufactured high-voltage batteries, controllers, and
various sensors. The high-voltage vehicle circuits are isolated
from both the vehicle chassis and the low-voltage circuits.

SUMMARY OF THE INVENTION

Accordingly, a method is provided for predicting a future
loss of high-voltage circuit isolation within a hybrid, electric,
or fuel cell vehicle, the method including recording a series of
discrete measurements of the equivalent electrical resistance
taken between a vehicle chassis and a high-voltage bus upon
the occurrence of an independent event, performing a data
fitting analysis on the series of measurements to detect a trend
in the data, and then using the data fit results to estimate or
predict the number of independent events remaining before
the equivalent resistance reaches a threshold amount.

In another aspect of the invention, the independent event is
akey-down sequence initiated by a key or ignition cycle, and
the series of measurements is recorded into a storage device
comprising a circular buffer.

In another aspect of the invention, a warning or indication
is communicated to the vehicle owner/operator if the thresh-
old number of remaining independent events reaches a pre-
determined minimum.

In another aspect of the invention, an apparatus is provided
for predicting a loss of high-voltage circuit isolation within a
hybrid, electric, or fuel cell vehicle, the apparatus comprising
a controller having memory and an algorithm for predicting
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animpending high-voltage isolation fault, a high-voltage bus,
high-voltage bus components, and a reporting device oper-
able for reporting an isolation fault, wherein the controller is
configured to initiate the algorithm upon the occurrence of a
predetermined independent event, recording a series of resis-
tance measurements taken between the chassis and bus, and
predicting the number of independent events remaining
before the resistance reaches a predetermined threshold.

The above features and advantages and other features and
advantages of the present invention are readily apparent from
the following detailed description of the best modes for car-
rying out the invention when taken in connection with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a control apparatus
according to the invention; and

FIG. 2 is a flow chart describing the method or algorithm
for providing a voltage isolation loss prognostic for a hybrid,
electric, or fuel cell vehicle.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to the drawings wherein like reference numbers
correspond to like or similar components throughout the sev-
eral figures, there is shown in FIG. 1 a block diagram of a
high-voltage isolation prognostic control system 10 for use
with ahybrid, electric, or fuel cell vehicle. The control system
10 is incorporated into or mounted with respect to a vehicle
chassis 20 and includes a key-down indicator 12 configured to
initiate and transmit an electrical key-down signal 14 to an
integral control module or controller 16. The key-down signal
14 generated by key-down indicator 12 corresponds to the
state or status of the vehicle’s key switch or ignition and is of
the type known in the art. For example, a common 0/1 binary
signal generator with state 1 indicating a condition of “igni-
tion switch on” and state 0 indicating a condition of “ignition
switch off”. The key-down signal 14 is communicated or
transmitted to a controller 16 to initiate an algorithm 100 (see
FIG. 2) once per key cycle, the algorithm 100 being embed-
ded within or programmed into the controller 16.

The controller 16 is equipped with various electric circuit
components configured for reading or measuring and then
recording or storing a series of equivalent resistance (Ry)
measurements taken between the vehicle chassis 20 and a
high-voltage bus 18. The R value may be expected to change
or vary over the life of the hybrid vehicle due to age and
associated physical deterioration and/or corrosion of the high
voltage bus components 24, which are ordinarily exposed to
water, heat, salt, and/or other external or environmental
stresses during normal operation. High-voltage bus 18 is elec-
trically connected to high-voltage bus components 24, with
the components 24 being configured for control of, for
example, motor/generator(s), auxiliary power sources, and
power transmission between the various high-voltage com-
ponents of the vehicle. High-voltage bus components 24 may
include such electrical devices as DC-to-AC inverters, auxil-
iary power modules, and DC-to-DC converters. Additionally,
the controller 16 is electrically connected to a prognostic
reporting device (PRD) 26. The PRD 26 is operable to com-
municate a prognostic fault mode signal 30 detectable or
receivable by a vehicle owner or operator. The communica-
tion of the fault mode signal 30 may take the form of, for
example, illumination of a “check vehicle” lamp or light on a
vehicle instrument panel, or initiation of an electronic mes-
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sage, e-mail, letter, or other electronic or paper-based textual
warning alerting the owner/operator to the fault mode.

Referring now to FIG. 2, a method 100 (also referred to
herein as algorithm 100) is shown for generating a high-
voltage isolation prognostic signal within a hybrid, electric,
or fuel cell vehicle. Algorithm 100 is preferably a computer
program or source code embedded or contained within the
controller 16 (see FIG. 1), with the algorithm 100 being
initiated and executed upon the occurrence of each consecu-
tive and discrete independent event, preferably a vehicle key-
down sequence or key cycle. While the key-down sequence,
i.e. theignition on/off state change described previously here-
inabove with respect to the key-down indicator 12, is used as
the preferred independent variable within algorithm 100,
those skilled in the art will recognize that other events may be
suitable for use as the independent variable within the scope
of the invention, including predetermined vehicle odometer
readings, real-time counting devices or timers, or other
devices capable of initiating a key-down sequence at a pre-
determined and preferably regular interval.

At step 102 of algorithm 100, the algorithm determines
whether a key-down sequence or state change has occurred
within the key-down indicator 12 (see FIG. 1). This step is
implemented to ensure that algorithm 100 continues beyond
step 102 only as a result of a predetermined key-down
sequence initiating event such as the ignition switch being
turned off. If at step 102 a predetermined key-down sequence
has not fully occurred, the algorithm 100 repeats step 102.
However, ifat step 102 it is determined that the predetermined
key-down sequence has been completed, the algorithm 100
proceeds to step 104.

At step 104, the algorithm 100 reads or measures the cur-
rent or instantaneous equivalent resistance R (see FIG. 1)
between the vehicle chassis 20 and the high-voltage bus 18,
and then stores the R value in a storage array within the
memory of the controller 16. The storage array is preferably
acircular buffer having a capacity defined by a predetermined
fixed number of R samples, with the preferred number of
samples being approximately 25 to 35. However, any number
of samples may be used to define the array size provided the
selected sample size is sufficient for establishing or detecting
a trend or pattern in the series of recorded R values.

At step 106, the algorithm 100 determines if the array or
buffer is filled to capacity, i.e. the array or buffer holds the
maximum number of R values. If the storage array is deter-
mined to be at capacity, the oldest R sample in the array is
deleted, dropped, or overwritten, and the latest R value is
added to the array. If, however, the array is not at capacity at
the time the most recent R sample value is generated and
recorded, the most recent sample is simply added to the array.

At step 108, the algorithm 100 compares the array capacity
to the number of samples held therein and determines
whether the array is full. If the number of R ; samples held or
recorded within the array is less than the array capacity, the
algorithm proceeds to step 110, in which a “trend data valid”
flag is set to a condition corresponding to “off” or “no”, and
algorithm 100 starts over from step 102. If, however, the
number of samples held within the array is equal to the array
capacity, the algorithm 100 proceeds to step 112.

In step 112, the algorithm 100 performs a numerical data
fitting procedural step on the series of R samples stored in
the array. Second order or quadratic least squares regression
is the preferred method of data fitting routine, however those
skilled in the art will recognize that other data fitting routines
may be suitable for use with this invention. This step is
implemented as a preparatory or preliminary step toward
detecting or projecting a trend or pattern in the series of R

20

25

30

35

40

45

50

55

60

65

4

samples. Once the data fitting routine is complete, the algo-
rithm 100 proceeds to step 114.

In step 114, the algorithm 100 looks to the trend result of
the least squares regression analysis of step 112 and then,
based on that trend, calculates or determines the estimated
number of key-down cycles remaining before the isolation
resistance R drops below or is less than a predetermined
limit or threshold value R,,,,,- This threshold R,,.,, value is
programmed into the controller 16 (see FIG. 1), and the
predicted or estimated remaining key-down cycle number is
truncated into an integer, represented hereinafter by the vari-
able X. After algorithm 100 determines the variable X, the
“trend data valid” flag is re-set to “on” or “yes” in step 116.
The algorithm then proceeds to step 118.

In step 118, the variable X is compared to a predetermined
key-down cycle limit X, . If the value of X is determined to
be less than or equal to X,,,,,,, the algorithm 100 proceeds to
step 120, in which a warning flag is generated and commu-
nicated or transmitted to the PRD 26. If, however, the value of
X is greater than X .., the algorithm 100 bypasses step 120
and proceeds directly to step 122.

In step 122, the algorithm 100 communicates or transmits
the value of variable X, that is, the projected number of
remaining key-down cycles, to the PRD 26 (see FIG. 1).
Regardless of whether a warning flag has been generated in
the preceding step 120, the PRD 26 records the variable X in
the storage array. The PRD 26 also preferably reports or
displays the value of variable X when X is less than or equal
to a predetermined display threshold X ;. In this manner, the
owner/operator of the vehicle receives not only a timely warn-
ing of an existing or immediate high-voltage isolation fault,
but also an estimate of the number of independent events
remaining until the isolation resistance value R ; surpasses the
predetermined resistance threshold R,,,;,,, without being sub-
jected to unnecessarily early warnings or alarms. In the event
an owner/operator desired access to the stored resistance val-
ues R or the variable X prior to display, these values are
preferably readily detectable by probing or tapping the
memory of controller 16.

While the best modes for carrying out the invention have
been described in detail, those familiar with the art to which
this invention relates will recognize various alternative
designs and embodiments for practicing the invention within
the scope of the appended claims.

The invention claimed is:

1. A method for predicting a loss of high-voltage circuit
isolation in a hybrid, electric, or fuel cell vehicle, the method
comprising:

measuring a series of equivalent electrical resistance level

readings taken between a chassis and a high-voltage bus
of said vehicle, wherein each element of said series is
measured upon the occurrence of a discrete, predeter-
mined independent event;

performing a data fitting analysis on said series to detect a

numerical trend within said series; and

using said trend to determine the estimated number of

remaining independent events before said electrical
resistance will be less than a predetermined threshold
resistance.

2. The method of claim 1, wherein said independent event
is a key-down sequence.

3. The method of claim 1, wherein said series is recorded
into a storage device.

4. The method of claim 3, wherein said storage device is a
circular buffer having a capacity of approximately 25 to 35
measurements.
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5. The method of claim 1, wherein said data fitting analysis
is second order least-squares regression.

6. The method of claim 1, including a recording device,
wherein said recording device is configured to generate an
audio or visual warning when said number of remaining
independent events reaches a predetermined threshold.

7. A method for predicting a loss of high-voltage circuit
isolation within a hybrid vehicle having a chassis and a high-
voltage bus, the method comprising:

determining whether a predetermined independent vari-

able event has occurred;

measuring and recording an equivalent resistance value

taken between said chassis and said high-voltage bus;
storing said value in a storage array until said array reaches
a predetermined sample population;

performing a data fitting analysis on said sample popula-

tion to detect a trend in said population; and

using said trend to calculate the number of said indepen-

dent events remaining until said equivalent resistance is
less than a predetermined threshold value.

8. The method of claim 7, wherein said independent event
is a key-down sequence.

9. The method of claim 7, wherein said series is recorded
into a storage device.

10. The method of claim 9, wherein said storage device is
a circular buffer having a capacity of approximately 25 to 35
measurements.

11. The method of claim 7, wherein said data fitting analy-
sis is second order least-squares regression.
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12. The method of claim 7, including a reporting device,
wherein said device is configured to communicate a warning
when said number of remaining events reaches a predeter-
mined threshold value.

13. An apparatus for predicting a loss of high-voltage cir-
cuit isolation within a hybrid vehicle having a chassis and a
high-voltage bus, the apparatus comprising:

a controller having memory and a control algorithm for

predicting a high-voltage isolation fault;

a plurality of high-voltage bus components operatively

connected to said high-voltage bus; and

a reporting device operable for reporting said predicted

high-voltage isolation fault; wherein said controller is
configured to initiate said algorithm upon the occurrence
of a predetermined independent event, said algorithm
including recording into said memory a series of peri-
odic measurements of the equivalent resistance between
said chassis and said bus, and predicting the number of
said events remaining before said resistance reaches a
predetermined threshold.

14. The apparatus of claim 13, wherein said reporting is
selected from the group consisting of an instrument panel
indicator lamp, textual message, and audible signal.

15. The apparatus of claim 13, wherein said memory is a
circular buffer having a capacity of approximately 25 to 35
measurements.

16. The apparatus of claim 13, wherein said predetermined
independent event is a key-down sequence.
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